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Abstract 



(N 

\ We study the structural stability of tachyonic inflation against 

■ changes in the shape of the potential. Following Lidsey (Gen. Rel. 
\Q \ Grav. 25, 399 (1993)), the concepts of rigidity and fragility are de- 

■ fined through a condition on the functional form of the Hubble factor. 
\ We find that the models are rigid in the sense that the attractor solu- 
' tions never change as long as the conditions for inflation are met. 

. The inflationary paradigm has received the support of WMAP data PP, 

qh| but a completely satisfactory theoretical explanation remains nonexistent. 

^ ' Some works in this direction have attempted to find an answer in string 

bi). theory, and as a result tachyonic inflation has been put forward The 

idea strongly relies in the possibility of describing tachyon condensates in 
string theories in terms of perfect fluids. Many papers have been devoted 
to the study of cosmological consequences of such fluids both in general 
5^ , relativity and brane- world cosmology [SlIlllSl- 

Recently, tachyonic inflation has been criticized It seems though, 
that the situation is not so clear cut because potentials have been found 
which seem to circumvent the problem 

This area of cosmological modelling, as any other, involves a great deal 
of idealization; any conclusion or result may turn out to depend strongly on 
the chosen values and number of free parameters in the tachyon potential. 
Simplifying assumptions made in common practice do not rely on observa- 
tions, but are rather chosen for technical convenience. Besides, one cosmo- 
logical observations are model dependent and not devoid of errors. Thus, 
making assumptions based on observations results in better but not perfect 
modelling. As put forward many years ago by Andronov and Pontryagin 
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[7], satisfactory models of real phenomena, cosmology included, should be 
structurally stable, that is, should provide predictions qualitative indepen- 
dent of perturbations. In addition, it has been claimed IH| that the concepts 
of rigidity and fragility seem to be important for most cosmological mod- 
els, and that structural fragility might be the suitable theoretical setup for 
cosmology p. 

Turning back to tachyonic inflation, we address the problem of its rigidity 
or fragility from the perspective of tachyon field dynamics. We follow closely 
an approach devised by Lidsey for standard scalar fields JHl- The method 
allows identifying regions where the attractor solutions change, thus indicat- 
ing fragility in the system (see jl| for discussions on tachyonic inflationary 
attractors). 

The evolution equations for a flat (k = 0) Friedmann-Robertson- Walker 
(FRW) cosmological model with a tachyon field T evolving in a potential 
V{T) are 



2H 
3IP 



(I) 



+ 3jHp^ = 0, (3) 
which are, in turn, subject to the Priedmann constraint 

3H^ = , . . (4) 

Here and throughout overdots denote differentiation with respect to cosmic 
time t, H = a /a is the Hubble parameter, and a the synchronous scale 
factor. 

Specifically, we will look for correspondences between the space of scale 
factors and that of inflationary potentials. We will set the discussion in 
a general framework (valid for any potential) which is an adaptation of 
Lidsey's approach. 

Using the Hamiltonian formalism the Friedmann constraint can be cast 
in the following form: 

{H'{T)f - \h\T) + \v{Tf = 0, (5) 

where H'{T) = dH{T)/dT. Solutions to © can be labelled by means of 
a parameter p, so that we have H{T{t),p). The value of p is fixed unam- 
biguously once the initial conditions have been chosen. The corresponding 
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expression for the scale factor will be 

3 rT 



a{T{t),p) = a^exp 



(6) 



where ai and Ti are constants of integration. 

Let us consider now two solutions H{T,p + Ap) and H(T,p), under the 
requirement that they are very close together in the corresponding space, 
i.e. \Ap <^ 1\. We then have 



H{T,p + Ap) - H{T,p) « {dH/dp)r^Ap. 



(7) 



By differentiating @ with respect to p, and combining the result with the 
evolution equation and the definition of H we get 



H(T,p + Ap) - H(T,p) oc a^^{T,p)Ap. 



(8) 



As a consequence, the differences between not very different solutions get 
washed off in the course of the evolution, which means they approach some 
attractor solution H{T). However, the attractor may not be the same for 
all values of the potential parameters; in other words, the system may be 
fragile around the point at which the attractors change. In order to check 
whether that is the case, one defines the quantity 



H{T,p + Ap) 



H{T,p) 
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(9) 



Equation Q shows that in an expanding universe F ^ as time grows, 
but the form of the attractor may vary if dF/dT changes sign. Note that F 
can go to zero for dF/dT > or for dF/dT < 0, but not for both. Thus, if 
dF/dT = for some value of the parameters the system will be said to be 
fragile around that very value. For convenience, we look for sign changes in 
d\ogF/dT instead of dF/dT. It can be seen that 



dlogF H^{T,p) 



dT dH{T,p)/dT 
Therefore, the fragility condition is 

IF 



9 {dH{T,p)/dTf 
2 HHT,p) 



9 
2' 



(10) 



ill) 



which, as will be shown immediately, is all we need to answer the question 
of whether inflation is rigid in tachyon cosmology. 
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In many inflationary models, there is a long period during which the field 
slowly rolls down the potential, which means the kinetic energy is negligible 
as compared to the potential one. That will be the case if 

H'^ < -H^. (12) 
4 

From here, rigidity of inflation in the slow-roll regime follows automatically. 

Nevertheless, kinetic energy takes over eventually, and slow-roll inflation 
ceases, so we must address the question of whether inflation is rigid in gen- 
eral. The condition for inflation to occur is p + 3p < (violation of the 
strong energy condition), which alternatively reads < 2/3. Expressed in 
a yet more convenient it becomes H''^/H^ < 3/2, which is far from Hll|l . so 
that one concludes inflation is rigid. 

Summarizing, we have proved tachyonic inflation is rigid using a proce- 
dure that allows spotting changes in the attractor solutions just by checking 
at the value of some function of a simple function of the Hubble factor and 
its derivative with respect to the tachyon field. A possible extension of this 
work is the study of rigidity in k-inflation considering, for instance re- 
cently found uniparametric family of models J2j which include those studied 
here as particular examples. 
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